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ABSTRACT

To hermetically Seal an optically transparent ceramic or
glass member to a metallic housing, an aperture with a
diameter less than the diameter of the member is formed

through the metallic housing. The member is then press-fit
into the aperture, partially displacing metal from the walls of
the aperture, forming an inner burr circumscribing the
aperture. The walls of the aperture and the circumscribing
burr are then coated with a Second metal, preferably elec
troless nickel. The resultant Seal maintains hermeticity fol
lowing thermal cycling and is particularly Suited for the
manufacture of a hybrid electronic package having an opti
cal or opto-electronic coupling.
9 Claims, 3 Drawing Sheets
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is formed at a temperature of less than about 100 C.,
avoiding thermal degradation of an anti-reflective coating
applied to the optically transparent ceramic and of the other
package components.
The above Stated objects, features and advantages will
become more apparent from the Specification and drawings

OPTICAL COMPONENT PACKAGE WITH A
HERMETIC SEAL

This is a continuation application of provisional appli
cation U.S. Ser. No. 60/053,205 and claims priority thereto
Provisional application Ser. No. 60/053,205 is incorporated
in its entirety herein.

that follow.

BACKGROUND OF INVENTION

1. Field of the Invention

This invention relates to a method for making a hermetic
ceramic to metal Seal. More particularly, an optically trans
parent ceramic lens is preSS-fit into an aperture formed in a
metallic housing and a metallic coating layer then deposited
on the aperture walls.
2. Description of Related Art
Hybrid electronic packages that incorporate an optical or
opto-electronic component typically include a lens for
receiving photonic Signals and metallic leads for receiving
electrical Signals. To maintain the integrity of circuitry
contained within the hybrid package, the package is her
metically Sealed.
In the manufacture of one type of hybrid package, each
metallic lead is Surrounded by a glass bead and the assembly
is inserted into an aperture extending through a metallic
housing. When heated to above about 800° C., the glass
melts and fuses to both the lead and the housing forming a
hermetic glass to metal Seal that also electrically isolates the
leads from the housing.
For optical devices, a lens is included. The lens is formed
from an optically transparent glass or ceramic and is coated
with an anti-reflective coating. To maintain the effectiveness
of the anti-reflective coating, the lens cannot be exposed to
temperatures above about 500 C. This temperature expo
Sure limitation prevents the lens from being joined to the
hybrid package housing by a conventional glass to metal

IN THE DRAWINGS
1O

FIG. 1 is a perspective illustration of a hybrid package as
known from the prior art.
FIG. 2 illustrates in cross-section the insertion of an

15

optically transparent lens into the hybrid package of FIG. 1.
FIGS. 3-5 illustrate a method for achieving a hermetic
ceramic to metal Seal in accordance with the invention.

FIG. 6 graphically compares the coefficient of thermal
expansion of an optically transparent member to a number of
low coefficient of thermal expansion metals.
FIG.7 graphically compares the thermal strain developed
in a number of laminates containing an optically transparent
member and a low coefficient of thermal expansion metal.
DETAILED DESCRIPTION
25

35

Seal.

A hybrid package for housing one or more Semiconductor
devices having both photonic and electronic inputs/outputs
is described with reference to FIGS. 1 and 2. The hybrid
package 10 includes an optically transparent member 12
contained within an aperture 14 formed through a wall 16 of
the package.
A metallic housing 18 has a base 20 and projecting walls
16 that define a cavity 22. The housing 18 is preferably a
unitary Structure, as opposed to a brazed or Soldered assem
bly to improve hermeticity. Typically, the housing 18 is
formed by a process Such as machining or injection molding
and is formed from a metal having a relatively low coeffi
cient of thermal expansion. Metals used for the housing 18

include “KOVAR” (trademark of Carpenter Steel), an alloy

U.S. Pat. No. 5,177.806 to Abbott et al., that is incorpo
rated by reference in its entirety herein, discloses that optical
fibers have been bonded with metallic solders and epoxy
resins. While both metallic solders and epoxy resins may be
applied at temperatures well below 500 C., the hermeticity
of hybrid packages using these Sealants is Suspect and not
adequate for the housing of complex integrated circuits.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to provide a
proceSS for the manufacture of a hermetic ceramic to metal
Seal. Among the features of the process of the invention are
that an optically transparent ceramic member is preSS-fit into
an aperture formed through a hybrid Semiconductor pack
age. A metallic coating layer is then deposited on the
Surfaces of aperture.
Among the advantages of the invention are that the Seal
between the optically transparent ceramic member and the
housing of the hybrid Semiconductor package is hermetic
and effectively prevents the ingreSS of moisture into the
hybrid package. This makes a package particularly Suitable
for housing Semiconductor devices. A further advantage of
the process of the invention is that the ceramic to metal Seal

17% cobalt and the balance iron, and other low coefficient of

thermal expansion iron base expansion alloys. One or more
electronic devices 24, having both electrically and optic, or
electro-optic, features, are mounted to the base 20. Typically,

There remains, therefore, a need for a method to make a

ceramic to metal Seal Such that an optically transparent lens
can be joined to a metallic housing that meets the dual
objectives of an assembly temperature of less than 500 C.
and hermeticity acceptable for integrated circuit packages.

having the nominal composition, by weight, of 29% nickel,
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the electronic device is a Silicon based Semiconductor device

containing a plurality of integrated circuits.
Electrically conductive leads 26, that may be copper, a
copper alloy, or a low expansion electrically conductive
metal Such as Kovar, extend through the housing 16 and are
electrically interconnected to the electronic device 24
through small diameter wires 28 or other suitable electrical
interconnections. The leads 26 are electrically isolated from
the walls 16 of the metallic housing 18 by glass beads 30.
An aperture 14 formed in one or more of the walls 16
further contains an optically transparent member 12. The
optically transparent member 12, Such as a lens, transmits
photonic Signals from a fiber optic cable or other optic
device to an optically active portion 32 of the electronic
device 24. Circuit traces 34 formed on an electrically active
surface of the electronic device 24 then electrically inter
connect the optically active portion 32 with electrically
active portions of the hybrid electronic package.
The optically transparent member 12 is formed from any
Suitable ceramic or glass. By “optically transparent' it is
meant that light of a desired wavelength will pass through
the member with minimal distortion or attenuation. One

Suitable material is magnesium aluminate (MgAl2O also

6,020,628
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extent possible. As illustrated in FIG. 7, only alloy 42
(reference line 40) achieves this objective.
In a preferred embodiment, the strain difference between

3
referred to as Spinel). Other suitable materials for the

optically transparent member include crystalline carbon

(diamond), aluminum oxide (Sapphire) and aluminum
oxide-chromium (ruby). Generally, the Selection of the

the metal and the ceramic should be between -1x10" and

optically transparent material is dependent on the wave
length of light to be transmitted and the coefficients of
thermal expansion of the housing and of the member.
The optically transparent member 12 is coated with a thin
anti-reflective coating 36 to prevent extraneous optical Sig
nals from Sending Spurious messages to the optically active
portion 32. The anti-reflective coating 36 may be magne

+1x10" when the temperature is varied from either +25°C.

to +150° C. or from +25° C. and -50° C. More preferably,

the strain difference should be less than about +2.5x10.

sium fluoride, Silicon monoxide, Zirconium oxide, titanium

oxide or any other Suitable metal oxide or organic coating as
known in the art.
To maintain the effectiveness of the anti-reflective

coating, the optically transparent member 12 should not be
exposed to temperatures above 500 C. Glass to metal seals
requiring a Sealing temperature in excess of 800° C. are not
an option. Conventional low temperature Sealants Such as
epoxies and Solders do not provide the required hermeticity.
Hermeticity is the capability to prevent the flow of air or
gas in or out of an enclosure. Hermeticity is of concern in
electronic packaging Since Small amounts of water vapor can
corrode Small diameter wires and circuit traces, causing the
electronic device to fail. In accordance with Military Speci
fication 883E, Method 1014, hermeticity is typically evalu
ated by helium mass spectroscopy. A helium gas is applied
to one side of the package and a vacuum drawn on an
opposing Side. By mass spectroscopy, the rate of helium
leakage through the package is determined. A package is
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for diameter.
25

atmospheres per cubic centimeter helium (atm/cc He) is
35

40

45

FIG. 6 graphically illustrates the coefficient of thermal

compares the coefficient of thermal expansions of the

Kovar and alloy 42 have lower coefficients of thermal
expansion. Alloy 46 has a coefficient of thermal expansion
above that of the ceramic over the entire temperature range

50

Seal the ceramic member 12 to the wall 16 of the metallic

housing. The metallic constituent 60 coats at least the walls

55

If the ceramic to metal Seal is viewed as a 3-layer
60

free at a temperature of 25 C., FIG. 7 illustrates the strain
difference between the metal and the ceramic. For values

less than Zero, the ceramic is in compression and for values
above Zero, the ceramic is in tension. Brittle ceramics and

glasses withstand a much higher compressive force without
fracture than a tensile force. Accordingly, it is desired to
maintain the ceramic lens in compression to the largest

Referring now to FIG. 5, at least the walls 50 of the
aperture 14 and the burr 52 are next coated with a metallic
coating 60 to a thickness of from about 50 microinches to
about 350 microinches and preferably from about 75 micro
inches to about 150 microinches. The metallic coating 60
has a minimum thickness that is effective to hermetically
50 and burr 52 formed from the walls of the metallic

of O-500° C.

laminate, metal/ceramic/metal, and assumed to be StreSS

optically transparent member 12.
The optically transparent member 12 is inserted to an
intermediate point 54 within the aperture. Generally, the
intermediate point 54 is Selected So that a tangent to the
surface 56 of the member is co-planar with a surface 58 on
the exterior of the wall 16.

expansion of magnesium aluminate (reference line 38) and

ceramic to that of alloy 42 (reference line 40), alloy 46
(reference line 42) and Kovar (reference line 44). Below
about 85 C., all three metals have coefficients of thermal
expansion greater than the ceramic. Between 85 C. and
about 175 C., only alloy 42 has a coefficient of thermal
expansion less than that of the ceramic. Above 175 C., both

of the optically transparent member 12.
Referring now to FIG. 4, the optically transparent member
12 is mechanically forced into the aperture 14. Any suitable
preSS may be employed, for example, an arbor press or a
hydraulic press. Since the diameter of the optically trans
parent member is larger than the diameter of the aperture,
insertion of the member into the aperture 14 deforms the
walls 50 of the aperture 14 outwardly from the member 12.
Inwardly from the member, a small, on the order of less than
about 0.005 inch, burr 52 is extruded and circumscribes the

preference for alloy 42 is best illustrated with reference to
FIGS. 6 and 7.

Typically, the diameter 46 of the aperture 14 is from about
0.0005 inch to about 0.005 inch and preferably from about
0.0015 inch to about 0.0025 inch less than the diameter 48

detected.

Other low expansion iron base alloys Such as Invar (nominal
composition by weight of 64% iron and 36% nickel), Kovar
and alloy 46 (nominal composition by weight of 46% nickel,
balance iron) are also acceptable, but less preferred. The

has a diameter 46 that is less than the diameter 48 of the

optically transparent member 12. While described as a
diameter, and typically both the aperture and the optically
transparent member are circular in croSS Section, any Suit
able axial length may be Substituted for the diameter, depen
dent on the ultimate configuration of the aperture and
optically transparent member. For example, for rectangular
members, length and width may be appropriate Substitutes

deemed “hermetic" if a leak rate of less than 1x10

FIGS. 3-5 illustrate a process for making a hermetic seal
between an optically transparent ceramic or glass member
12 and a wall 16 of a metallic housing. The metallic housing
is preferably formed from alloy 42, an iron/nickel alloy
containing 42%, by weight, of nickel and the balance iron.

Referring back to FIG. 3, in the process for making
hermetic Seals in accordance with the invention, aperture 14
is extended through the wall 16. The aperture is formed by
any Suitable process Such as mechanical drilling or laser
ablation. Alternatively, the aperture 12 is molded directly
into an injection molded housing.
Notwithstanding the method of manufacture, the aperture

65

constituent and preferably, the entire metallic housing.
Any Suitable metallic coating may be employed. One
preferred coating is nickel deposited from a chemical Solu
tion by electroless means. However, other deposition pro
ceSSes Such as Vapor deposition and electrolytic coating may
be employed.
One preferred chemical Solution for electroleSS deposition
of the nickel is an aqueous Solution containing nickel ions
and Sodium hypophosphite referred to as an autocatalytic
phosphorous bath. The metallic housing is first degreased by
immersion in a hot acqueous alkaline cleaning Solution and
then immersed in the plating Solution at a temperature of
180° F. for between 15 and 30 minutes to deposit a metallic
coating having an approximate thickness of 120 micro
inches.

6,020,628
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S
Optionally, the nickel coating may be coated with an
oxidation resistant layer or a Solderable layer, Such as gold.
The advantages of the process of the invention are illus
trated by the Examples that follow.

forth hereinabove. While the invention has been described in

combination with embodiments thereof, it is evident that

many alternatives, modifications and variations will be
apparent to those skilled in the art in light of the foregoing
description. Accordingly, it is intended to embrace all Such

EXAMPLES

alternatives, modifications and variations as fall within the

Example 1
Lenses formed from Spherical magnesium aluminate with
a diameter of 0.031 inch were press-fit into apertures formed
in an alloy 42 metallic housing. When the aperture in the
housing was 0.030 inch, the press-fit lens did not have an
acceptable hermeticity value as Specified by Military Speci
fication 883C. When the aperture diameter was reduced to
0.029 inch, ten out of ten press-fit lenses formed hermetic
Seals. This indicates that the diameter of the aperture in the
metallic housing should be at least about 0.0015 inch less

Spirit and broad Scope of the appended claims.
We claim:

15

than the diameter of the ceramic member.

Example 2
Kovar and alloy 42 metallic housings were provided with
apertures 0.029 inch in diameter. Optically transparent mag
nesium aluminate Spheres having a diameter of 0.031 inch
were press-fit into the apertures. The hermeticity was then
evaluated at four Stages during the process. Stage 1 was "as
pressed”. Stage 2 was after coating with nickel, by either an
electroleSS or an electrolytic process, as Specified. Stage 3
was after a 400° C. thermal shock. Stage 4 was after 15
cycles of thermal cycling between a liquid at -65 C. and a
second liquid at +150° C. As indicated in Table 1, only the
combination of an alloy 42 housing and an electroleSS nickel
coating achieved the required hermeticity following thermal
cycling. Table 1 presents results as number of packages

hermetic to 1x10 atm/cc He/number of packages tested

(pass/tested).

25

member.

2. The hybrid electronic package as claimed in claim 1
wherein the metallic layer is approximately between 50
microinches and 350 microinches thick.

35

TABLE 1.
HERMETICTO

1 x 10 atmfcc. He
HOUS- COAT
ING
ING
Kovar
Kovar

AS
AS
PRESSED PLATED

None

5/10

Electro-

5/10

40

FIRE (a
400° C.

THERMAL
CYCLE

10/10

10/10

4f10

less
nickel

Alloy-

None

10/10

Electrolytic

10/10

10/10

10/10

6/10

10/10

10/10

10/10

10/10

45

42

Alloy42

50

nickel

Alloy-

Electro-

42

less
nickel

1. A hybrid electronic package, comprising:
a unitary metallic housing formed from a metal having a
first coefficient of thermal expansion with an aperture
of a first diameter extending through a wall of Said
metallic housing;
an optically transparent member inserted into Said aper
ture and contacting Said aperture at an intermediate
point thereof wherein the diameter of Said aperture is
equal to the diameter of Said optically transparent
member outward from Said intermediate point and
essentially conforms to Said optically transparent mem
ber inward of Said intermediate point,
a metallic burr extending from an inner Surface of Said
aperture and circumscribing Said aperture; and
a metallic coating of a Second metal coating the walls of
Said aperture and Said circumscribing burr, except for
where Said aperture contacts Said optically transparent

3. The hybrid electronic package as claimed in claim 2
wherein the metallic layer is formed by a process selected
from the group consisting of vapor deposition and electro
lytic coating.
4. The hybrid electronic package as claimed in claim 1
wherein the metallic layer provides a hermetic Seal between
the optically transparent member and the wall of the metallic
housing.
5. The hybrid electronic package as claimed in claim 1
wherein the optically transparent member is fabricated from
a material Selected from the group consisting of magnesium
aluminate, crystalline carbon, aluminum oxide and ruby.
6. The hybrid electronic package as claimed in claim 1
wherein the optically transparent member is coated with an
anti-reflective coating.
7. The hybrid electronic package as claimed in claim 6
wherein the anti-reflective coating is fabricated from a
material Selected from the group consisting of magnesium
fluoride, Silicon monoxide, Zirconium oxide and titanium
oxide.

8. The hybrid electronic package as claimed in claim 1
wherein the aperture has a diameter of from approximately
0.0005 inch to 0.005 inch.

It is apparent that there has been provided in accordance
with the invention a process for making an hermetic Seal
between a ceramic or glass member and a metallic housing
that fully Satisfies the objects, means and advantages Set
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9. The hybrid electronic package as claimed in claim 1
wherein the first diameter is less than the Second diameter.

